Background: Life expectancy (LE) is a major marker of individual survival. It also serves as a guide to highlight both the progress and the gaps in total social and societal health. Comparative LE in concert with measures of gender-specific experience, indices of empowerment and societal happiness and development offer a comparative tool to examine trends and similarities of societal progress as seen through the lens of cross-national experience. Methods: To determine the gender gaps in LE (GGLE) trends, we performed a longitudinal analysis, covering a period of 49 years . To examine the association of GGLE with development indices, we used the 2007 GGLE data, the newest happiness data mostly drawn from 2006; the 2006 Human Development Index (HDI) data and the 2006 Gender Empowerment Measure (GEM) data. Results: It revealed that most of the Organization for Economic Co-operation and Development (OECD) countries had a GGLE trend that occurred in an inverted U-curve fashion. We divided them into three subgroups based on the peak years of respective GGLE. The earlier the peak year, the happier the countries, the higher the HDI and the smaller the current GGLE are. Association analysis indicates that Happiness, HDI and GEM are all negatively associated with GGLE. Conclusion: This pattern suggests that GGLE undergoes three phases of growth, peak and stability and decline. Japan will soon be seeing its GGLE gradually shrinking in the foreseeable future. The continuing increases in Happiness, HDI and GEM are associated with a decrease in GGLE, which should be carefully taken into consideration.
Introduction

L
ife expectancy (LE), the average number of years a person can expect to live given the current age-specific mortality rates, 1 is a meaningful measure of population health. LE varies from country to country and by gender, with women tending to live longer than men. These patterns though are far from uniform.
As a reflection of the overall mortality level of a population, LE at birth increased dramatically in the 20th century generally owing to both improved public health conditions (e.g. hygiene, nutrition and medical practices) 2 as well as social policies fostering greater educational attainment, and improved economic and relative incomes. In particular, Organization for Economic Co-operation and Development (OECD) countries had achieved a remarkable progress in raising their LE. Between 1960 and 2008, LE in OECD increased by 11 years on average (from 68.2 to 79.2) and by gender (11.3 years among women and 10.7 years among men). 3 Within-country experience indicates a persistent gap in gender-specific LE as measured by the gender gaps in LE (GGLE). The GGLE were 5.0, 1.6 and 1.3 years during 1950-55, in more developed regions, less developed regions and least developed regions, respectively. However, their GGLE increased to 6.9, 3.5 and 2.5 years accordingly during 2005-10. 4 In the Russian Federation, GGLE was 12.8 years during 2005-10. 4 These facts urge us not only to consider women's health but also to ponder on what caused this inequality.
Empirically speaking, men also want to live as long as women (at least their partners). Widowhood increases mortality risk. Meta-analysis shows a positive association between widowhood and mortality, especially for men [female Risk Ratio (RR) = 1.04, 95% confidence interval (CI): 1.00-1.08; male RR = 1.23, 95% CI: 1.18-1.28]. 5 In addition, LE and its variability have implications for individual and national behaviour, such as fertility, economy, human capital and even the pension system. 6 The retirement income system in the USA and Germany is not adequate for widows, and the death of the retired husband will put the wife in economic jeopardy. 7, 8 The reforms of recent pension paradigms show that pensions will have to automatically adjust to changes in LE in OECD countries in the future, and such automatic adjustments to LE can be built into pension systems (such as those in Finland, France, Germany and Portugal). 9 It is important for policy makers to consider GGLE when determining life insurance policy and settlement. GGLE in OECD countries have remained persistent and wide. For instance, in 1960, the mean GGLE was 5.0 years, and in 2008, it stood at 5.6 years. 3 The GGLE of 32 OECD countries had varied considerably. In 2007, although Iceland's GGLE (3.5 years) was almost similar to the GGLE of New Zealand (4.0), it was only about half of the GGLE of Poland (8.7 years). 3 In explaining GGLE, the published research literature has focused mainly on the causes of morbidity and mortality, particularly among men. [10] [11] [12] [13] Although the evidence on physical health dimensions helps explain the gender differences, it is incomplete and precludes other relevant explanations. For example, national development indicators, which incorporate all aspects related to the well being of individuals, 14 are similarly important.
How might we further explore the interaction of social circumstances in addition to physical dimensions? Prior studies have shown that national income tends to affect LE: GGLE narrows with increases in socio-economic level. 15, 16 These suggest that broad and comprehensive social development indices [e.g. the Human Development Index (HDI) and the Gender Empowerment Measure (GEM)] whose subcomponents are determined by the level of national income, may be associated with GGLE. HDI is a summary composite index that measures a country's average achievements in three basic aspects of human development: longevity, knowledge and a decent standard of living. GEM measures inequalities between men and women's opportunities in a country in three areas (i.e. political participation and decision making; economic participation and decision making and power over economic resources). GGLE has impacts on national age distribution in the long run, which may affect the development of voting, politics and policies. It is important to acknowledge the potential correlations between GGLE and social development besides mortality information. 6 The index on national Happiness is based on individuals' subjective perceptions or self-reports of individuals' level of happiness, which is scored between 0 and 10. Health is universally cited as a consistent and critical determinant of self-reported happiness regardless of locations, belief systems and subjective nature of happiness. 17, 18 Health has strong effects on subjective well-being (measured as happiness) and vice versa. GGLE is predictive of unhappiness after controlling for LE, national wealth and income inequality in 178 countries.
We assume that social development and subjective well-being are potential explanatory factors of GGLE and hypothesize that they would have complicated cumulative effects on GGLE, which are not discussed in this article. For example, low happiness was found to have inverse implications for adult relationships including sexual or reproductive ones, 18 which might lead to different long-term health outcomes for both men and women.
To discuss the interrelations of LE, gender and well-being measures, this article presents a 2-fold approach: first, it examines the differences in patterns of GGLE and their trends; and secondly, it explores the observed associations between GGLE and indices of happiness, human development and gender empowerment.
Methods
Data
We collected the GGLE data from the OECD Health Data 2010 database, 19 the happiness data from the world database of happiness 20 and the HDI and GEM data from the United Nations Development Programme website. 21 All data discussed in this report are national.
Statistical analysis
To determine the GGLE trends, we performed a longitudinal analysis, covering a period of 49 years 
Results
Trends of GGLE among 27 OECD member countries
The line graphs (figure 1) illustrated the secular GGLE trends and peak years of 27 countries. The graphs showed that almost all countries (25/27) that had GGLE followed an inverted U-curve pattern during 1960-2008. The GGLE of most countries increased gradually and reached its peak years and stabilized, and then decreased subsequently. There was a clear cross-decade pattern when countries reach their peak GGLE. Ten countries reached their peak years in the 1970s, nine in the 1980s and six in the 1990s. Following this clear pattern, the trends of the 25 country inverted Ucurve can be further refined into three more homogeneous subgroups, based on their peak GGLE years: Group A with peak years during 1969-79 (Australia, Canada, Finland, Ireland, Italy, New Zealand, Portugal, Sweden, UK and USA); Group B with peak years during 1980-89 (Austria, Belgium, Denmark, France, Germany, Korea, Mexico, the Netherlands and Norway) and Group C with peak years during 1990-2000 (Czech Republic, Hungary, Poland, Slovakia, Spain and Switzerland).
Notably Hereafter, analysis of variance was used to test the differences of GGLE, Happiness, HDI and GEM between these three subgroups. The average GGLEs of Groups A, B and C were 5.04, 5.34 and 7.03 years, respectively (F = 6.78, P = 0.005; F is the test statistics of analysis of variance); the countries with earlier peak periods had smaller GGLE. Furthermore, the average Happiness scores were 7.63, 7.37 and 6.84, respectively (F = 5.09, P = 0.015), suggesting that the happier countries had the smaller GGLE. The average HDI scores were 0.952, 0.941 and 0.906, respectively (F = 4.23, P = 0.028), indicating that the higher HDI countries had the smaller GGLE. The GEM scores of the three groups had similar trends as those found in other indices, but the results were not statistically significant (F = 2.76, P = 0.085) (table 2). 
Association analysis
After the trends analysis, we explored the potential associations between GGLE and the general development indices among 32 countries where the sufficient latest information was available. We also carried out correlation analyses using the data of GGLE of 2007, Happiness of the newest for each country, HDI and GEM data of 2006. It indicated that GGLE was negatively associated with Happiness (r = À0.702, P < 0.001), HDI (r = À0.350, P = 0.05) and with GEM (r = À0.435, P = 0.013). The observed negative associations of GGLE with HDI and GEM had remained robust even with the exclusion of Turkey, an outlier, from subsequent analyses (HDI: r = À0.546, P = 0.001; GEM: r = À0.618, P < 0.001) (figure 2).
Discussion
It revealed that the OECD countries had a GGLE trend that occurred in an inverted U-curve fashion. This pattern suggests that GGLE undergoes three phases of growth, peak and stability and decline. The periods or years in which these phases developed tended to vary according to countries. Moreover, findings do strongly suggest the negative associations of GGLE with development indices. What possible explanations can account for the inverted U-curve trend in GGLE? The widening of GGLE during most of the 1900s was largely due to a slower mortality decline for men than women, which previous studies attributed to behavioural risk factors (e.g. smoking). However, the recent narrowing in GGLE was mainly to gender gaps in the age pattern of mortality. 22 Cigarette smoking among men had the greatest contribution to the widening of GGLE, which led to higher mortality from lung cancer and heart disease. [23] [24] [25] Smoking among women partially explained the differences in GGLE in France, UK and the reduction of GGLE in Italy since 1980. 26, 27 Gender gaps in cardiovascular disease mortality had emerged as the main component of gender gaps in mortality from all causes in industrialized countries only in the early part of the 20th century and started narrowing at the early 1980s. 28 Results showed that the GGLE of most OECD countries peaked in the 1970s and 1980s.
Most industrialized OECD countries, except for Japan, had begun experiencing declines in their GGLE. In the context of disease-specific mortality, cancer, heart diseases, cerebrovascular diseases and accidents were the chief contributors of Japan's GGLE. 29 This study showed that countries with later peak years tended to have higher GGLE. Regardless of timing, countries had GGLE declines after experiencing peak years. Following its peak year in 2004, Japan will soon be seeing its GGLE gradually shrinking in the foreseeable future despite the country's economic downfall in the recent years. This is a projection based on other countries experience. Turkey is a middle-income country in which socio-economic and demographic profiles differ from those in developed countries; thus its mortality estimates might not be reliable due to the poor quality of its death registration systems. 30 The following associations were not used to imply causation and should be carefully interpreted taking into account the time lags between GGLE and indices. Happiness was significant in explaining GGLE between countries. As national average happiness increased, GGLE decreased. 31 Gender-specific happiness data would likely clarify their correlations, 18 but unfortunately these are not currently available. In this study, with the lowest Happiness scores (6.12 and 6.22, respectively) among 32 OECD countries, Poland and Hungary ranked first and second, respectively, in GGLE of 2007. However, Iceland had the smallest GGLE, but it had the second highest Happiness score and the third highest of levels of HDI and GEM. GEM showed its negative significant association with infant mortality, 32 and as a result this might affect GGLE. In terms of social factors, HDI and GEM were negatively correlated with GGLE, suggesting that their increases might help narrow the GGLE in OECD countries. It is essential that policy makers in OECD countries address these issues.
If the association of GGLE and development indices holds true and independent from other medical and biological factors, the evidence would suggest that the GGLE of countries would be shrinking further and may be negligible in the future. Subjective health indicators, such as Happiness, may assume a critical role in maintaining or promoting wellbeing among OECD countries.
Overall, the findings demonstrated that the continuing increases in Happiness, HDI and GEM were associated with a decrease in GGLE, which should be carefully worked out and taken into consideration while formulating policies for the national health system, especially for promoting health among older adults in ageing societies similar to most of the OECD member countries. Since these general development indices are composite ones, the interpretation for their associations with GGLE should be dealt with extreme care. However, this exploratory study warrants further investigations with respect to the potential implication of these negative associations for national policies of health services. Other indices, such as sex ratio, Gini coefficient, total fertility rate 18 and differences in labor force rates and in age at first marriage and their effects on GGLE also deserve consideration in future studies. The observed associations between GGLE and the general development indices may be attributed to common underlying causes such as gender norms and subjective perception of health in many industrial countries.
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Key points
OECD member countries had achieved a marked progress in raising their LE. However, GGLE have remained persistent and wide. Especially in Japan, where it has increased gradually since 1960. The previous research literatures had focused mainly on the causes of morbidity, mortality and life style (e.g. smoking). Our exploratory study focused on social and societal composite indices, such as happiness at a national level, HDI and GEM. This study highlights the negative associations between GGLE and happiness, development and gender empowerment.
